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Structural Ensembles of Intrinsically Disordered Proteins usingMolecular
Dynamics Simulation
Sarah Rauscher, Vytautas Gapsys, Bert de Groot, Helmut Grubmu¨ller.
Theoretical & Computational Biophysics, Max Planck Institute for
Biophysical Chemistry, Go¨ttingen, Germany.
Intrinsically disordered proteins (IDPs) fulfill many biological roles and are
important drug targets. However, they are poorly understood relative to the
wealth of structural information available for globular proteins. Their structural
characterization presents a formidable challenge to both theory and experi-
ment: the structure of an IDP must be described as a structural ensemble of
many interconverting conformations.
Here, we use molecular dynamics simulations to obtain structural ensembles of
two IDPs: (1) a 79-residue FG-nucleoporin peptide, which is responsible for the
selectivity of the nuclear pore complex and (2) a 24-residue RS-repeat peptide
derived from serine/arginine-rich-splicing-factor-1, which is crucial in RNA
splicing. Because force fields for polypeptides have been developed primarily
to study folded proteins, it is not clear how accurately they can model disor-
dered states. To address this issue, we performed simulations using four force
fields: amber99sb*-ildn, amber ff03w, CHARMM22*, and CHARMM36 using
replica exchange (RE) for a total of 150 microseconds per force field.
The structural ensembles we obtain for both the FG and RS peptides differ mark-
edlybetween force fieldswith respect tohydrogen bonding, radius of gyration, and
secondary structure, and are sufficiently converged to make such a comparison.
Importantly, secondary structure content differs more on average between force
fields than between the two peptide sequences. Thus, disordered peptides appear
tobe particularly sensitive to force field selection,muchmore so thanglobular pro-
teins.We compared the structural ensembles obtainedwith each force field to both
NMR and small angle x-ray scattering data for the RS peptide by computing
ensemble averages of the experimental observables. The CHARMM22* force
field provides the most accurate description of the force fields tested. In addition,
we find that CHARMM22* provides the fastest sampling of configuration space.
Platform: Protein-Nucleic Acid Interactions I
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Bacteria can adapt impressively to environmental changes and acquire antibiotic
multiresistance. Adaptation is mainly achieved by the integron, a genetic device
that uses DNA site-specific recombination to collect and express gene cassettes.
Integron recombination is unique as its recombinase, IntI, targets a single-
stranded recombination site, called attC. attC sites fold themselves into an
imperfect hairpin structureof 65 to150nucleotides, resembling a canonical recom-
bination site. However, it is unknown how attC hairpins form in the bacterial cyto-
plasm. This is an interesting question, as high amounts of single-stranded DNA
binding protein (SSB) are present in the cytoplasm to prevent DNA secondary
structure formation, which interfere with cellular processes, like DNA replication.
To investigate if IntI can counter the effect of SSB, we characterized the binding
mechanism of IntI and SSB to an attC hairpin, both individually and simulta-
neously, using single-molecule Fo¨rster Resonance Energy Transfer (smFRET).
We show that SSB is able to open a folded attC hairpin by binding to it in the non-
cooperative SSB(65) mode. Contrary to binding unstructured ssDNA, SSB
avoids the cooperative SSB(35) mode when binding hairpins, even in very
high protein-to-DNA ratios.We performed a kinetic analysis to quantify the con-
centration and substrate dependent dynamics of SSB binding/unbinding. We
further found that the recombinase IntI plays an antagonistic role, as it stabilizes
the folded attC site. Experimentswith target competition revealed that IntI is able
to counterbalance SSB even at much lower concentration.
We conclude that SSB impedes attC hairpin formation at background IntI con-
centrations, and thus ensures the genetic stability of those palindromic se-
quences. However, after induction of IntI expression, the action of SSB is
outcompeted, allowing IntI to bind to its target site.69-Plat
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A key question in the function of DNA-processing enzymes is their mechanism
for rapid location and binding of target sites in DNA. DNA polymerase I (Pol)
is involved in high-fidelity DNA replication and repair, and must recognize
gapped and flapped DNA substrates. Due to their transient and dynamic nature,
the structures of these complexes and the recognition mechanism by which they
are formed are largely unknown.
Combining single-molecule Fo¨rster Resonance Energy Transfer (smFRET)
with dye-position modelling, we can obtain absolute distance measurements
with angstrom precision. We have used 120 such distances in a rigid-body
docking approach to determine the structure of the single-nucleotide-gapped
DNA-Pol binary complex, and that of the gapped-DNA substrate alone.
In the complex structure, the DNA substrate exhibits a 120-degree bend. The
upstream DNA is channeled into the Pol active site, and its position is in excel-
lent agreement (RMSD < 3 A˚) with the position of short DNA fragments seen
in crystal structures of Pol. The downstream DNA is partially melted and held
in close proximity to F771, a residue important for strand displacement.
The structure of the gapped-DNA substrate alone adopts a 20-degree bend and a
twist. Our coarse-grained simulations show short excursions of the substrate to
partially kinked conformations not accessible to duplex DNA. Together, these
data are consistent with a two-step model whereby Pol recognizes and binds a
partially kinked conformation of gapped DNA, which then further rearranges to
the fully bent state seen in the complex structure.
Finally, using our method of internalization by electroporation, we have
observed single-molecule FRET signals corresponding to unbound and Pol-
bound gapped DNA in live bacteria, confirming the physiological relevance of
the proposed substrate and complex structures and the recognition mechanism.
70-Plat
Heterochromatin Assembly and Dynamics on the Single Molecule Level
Sinan Kilic, Bachmann Andreas, Louise Bryan, Beat Fierz.
EPFL, Lausanne, Switzerland.
Multivalent interactions between effector proteins and histone post-
translational modifications (PTMs) represent elementary processes in the chro-
matin signaling pathway. One such effector, heterochromatin protein 1 alpha
(HP1a), is a major component of transcriptionally repressive heterochromatin.
HP1a contains a chromodomain, a reader for H3 trimethylated at lysine 9
(H3K9me3), and forms dimers thereby allowing multivalent chromatin binding
and playing a role in chromatin fiber compaction.
Macroscopic heterochromatin foci in the cell are stable structures, however,
fluorescence photobleaching experiments demonstrate rapid dynamics of indi-
vidual HP1a proteins. The mechanistic details between dynamic HP1 binding
and its structural role in chromatin compaction is however not well understood.
We used single-molecule total internal reflection fluorescence microscopy
(smTIRFM) to directly observe HP1a interaction dynamics with chemically
defined chromatin fibers. In addition, we employed protein chemistry method
to control the oligomeric state of individual HP1a proteins. Together, our mea-
surements reveal that the HP1a residence time depends both on the local den-
sity of H3K9me3 marks, as well as on the oligomeric state of the protein. In
addition, HP1a dimerization greatly accelerates its association kinetics with
chromatin.
We thus propose that an increased chromatin binding rate is a key advantage of
effector multivalency, allowing efficient competition between chromatin effec-
tors and thus resulting in the maintenance of a stable chromatin state, which can
quickly adapt to cellular signals.
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We present single-molecule high-resolution optical trapping measurements of
RNA unwinding by the Ski2-like nuclear helicase Mtr4p both alone and within
the Trf4/Air2/Mtr4 polyadenylation (TRAMP) complex. RNA helicases such
